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(54) PROJECTION ALIGNER 

(57)Abstract: 

PURPOSE: To measure the actual quantity of aberration 
so as to cope with the variation of the image forming 
characteristic of a projection exposing device by making 
light to incident to a mask by irradiating an opening c * 

pattern on a stage from the stage side and making ^llS^^^^^^t 



CONSTITUTION: A pattern plate provided on a stage 15 
and having a prescribed opening pattern is irradiated 
from a stage 15 side while the stage 15 is moved in the 
direction of the optical axis AX. Then reflected light IL' 
from a mask R through a projecting optical system PL is 

received by means of a photoelectric conversion element 26. In addition, the quantity of 
aberration of the optical system PL is found by inputting the signal of a light receiving optical 
system 18 which measures the position of the stage 15 in the direction of the optical axis AX 
and a signal obtained from the element 26 to an aberration detecting system 28. Therefore, 
the quantity of aberration can be actually measured and the exposure can be performed in an 
aberration-corrected state or exposing operation can be performed in accordance with the 
aberration. 



reflected light from the mask to incident to a photoelectric 
conversion element through a projecting optical system 
and the opening pattern, and then, finding the quantity of 
aberration. 
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* NOTICES * 

iTPO and XNPXT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The illumination-light study system which irradiates the illumination light from the light 
source at a mask, and the projection optics which carries out image formation of the pattern of said mask 
on a sensitization substrate, In the projection aligner which has a movable stage in the direction of an 
optical axis of said projection optics, and the direction perpendicular to this optical axis while holding 
said sensitization substrate The criteria member which is prepared on said stage and has a predetermined 
opening pattern; Said opening pattern is illuminated from said stage side, moving said stage in the 
direction of an optical axis. The light which reached said mask through said projection optics, and was 
reflected with said mask Said projection optics and said opening pattern are minded. A light-receiving 
means to receive light, and a stage location measurement means to measure the location of said stage 
about the direction of the; aforementioned optical axis; the projection aligner characterized by having an 
amount operation means of aberration to calculate the amount of aberration of said projection optics 
from the signal wave form acquired from said photoelectrical detection means. 

[Claim 2] The projection aligner according to claim 1 characterized by having an aberration amendment 
means to amend the aberration of said projection optics based on the result of said amount operation 
means of aberration. 

[Claim 3] The projection aligner according to claim 1 characterized by having the exposure actuation 
control means which interrupts exposure actuation based on the result of said amount operation means of 
aberration. 

[Claim 4] The projection aligner according to claim 1 characterized by having a stage location 
amendment means to amend the location of said direction of an optical axis of said sensitization 
substrate based on the result of said amount operation means of aberration. 



[Translation done.] 
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* NOTICES * 

JPO and XNPXT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the projection aligner used for manufacture 
of a semiconductor integrated circuit, a liquid crystal substrate, the thin film magnetic head, etc. about a 
projection aligner. 
[0002] 

[Description of the Prior Art] In recent years, in projection aligners, such as semi-conductor manufacture 
associated equipment, the very high image formation engine performance is demanded. The projection 
optics by which various kinds of aberration is amended by altitude is carried in this conventional kind of 
equipment. Usually, the check of the amount of aberration of projection optics was performed by using a 
special mask. The pattern of dedication for an aberration check is drawn on this special mask, the pattern 
of this dedication is exposed to the substrate for a test, and the amount check of aberration is performed 
by observing that exposure pattern under a microscope etc. after development. For example, the check of 
spherical aberration is performed by asking for the best focus location of the pattern of two or more 
different line breadth. Sequential positioning of the stage is carried out in the direction of an optical axis, 
in the direction of an optical axis, carrying out sequential migration, the pattern of two or more line 
breadth is exposed, and, specifically, the substrate for a test with which the sensitization agent was 
applied is developed. And as a result on a substrate, the pattern of each line breadth according to the 
distance of the direction of an optical axis from projection optics is formed. About each of the pattern of 
each line breadth formed on the substrate, with an electron microscope etc., line breadth is measured and 
the measured distance from the actual size of the line breadth of a pattern and the optical axis of 
projection optics is plotted. If the middle point (midpoint of the maximum location of a substrate 
location and the minimum location where predetermined line breadth is maintained) of the location of 
the substrate with which predetermined line breadth is maintained is determined as a best focus, the best 
focus location of each line breadth can be found from the curve of the plotted data. Here, when spherical 
aberration has occurred, a gap arises in the best focus location of each line breadth. The check of 
astigmatism should just search for the difference of the best focus location of the pattern with which 
directions differ. Next, when the example of the check of comatic aberration is shown, there is the 
approach of being plurality of carrying out continuously etc., being and seeing the difference of the line 
breadth of the both ends of the mark of line breadth. 

[0003] Each aberration is searched for by the above approaches, and the image formation property of 
projection optics is optimized. For example, spacing of the lens element inside projection optics etc. is 
adjusted, and, finally each aberration is made below into an allowed value. However, each aberration 
always is not fixed and it may change with the temperature rises of the projection optics by projection 
optics absorbing a temperature change, atmospheric pressure change, and the illumination light. The 
temperature change of the projection optics especially by absorption of the illumination light may bring 
about aberration change which arises and cannot disregard temperature distribution in the lens element 
inside projection optics. In such a case, it is impossible to check the amount of aberration under 
exposure actuation by the above-mentioned approach. 

[0004] Then, when the accumulated dose to the projection optics of exposure energy was calculated 
conventionally and the accumulated dose exceeded the fixed reference value, exposure actuation was 
suspended, and the method of not using it was proposed in the place where aberration got worse. 
Specifically, the relation between the amount of aberration generated beforehand and the heating value 
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accumulated in projection optics and the heat-absorptive property of projection optics are searched for. 
At the time of real exposure actuation, count which calculates the heating value serially accumulated to 
projection optics from the numerical model, mask permeability, and shutter keying signal of a heat- 
absorptive property which were searched for beforehand, and calculates the amount of aberration to 
generate is performed. When the amount of aberration exceeds an allowed value, if exposure actuation is 
stopped temporarily, it decreases, the amount of aberration also becomes below an allowed value, and 
the heating value accumulated to projection optics can perform exposure actuation again. Such an 
exposure approach is indicated by JP,63-291417,A. 
[0005] 

[Problem(s) to be Solved by the Invention] In the Prior art like the above, the calculated amount of 
aberration is a forecast to the last, and an actual aberration yield does not understand it. As a technique 
for increasing resolution especially in recent years, zona-orbicularis-like lighting or the oblique 
illumination from [ which is indicated by JP,4-180612,A and JP,4-180613,A ] plurality is proposed, and 
a phase shift mask which is further indicated by JP,62-5081 1,B is also proposed. When these techniques 
are used, the intensity distributions of the illumination light inside projection optics differ. For this 
reason, even when it is the same, the amounts of aberration generated by lighting conditions or the 
reticle also differ, and prediction of an aberration yield is difficult for lighting energy. Therefore, by the 
approach of expecting the conventional amount of aberration, the trouble that correspondence was 
impossible was in desired exposure actuation. This invention was made in view of such a conventional 
trouble, and enables measurement of the actual amount of aberration, and it aims at offering the 
equipment which can respond to fluctuation of an image formation property. 
[0006] 

[Means for Solving the Problem] The illumination-light study system which irradiates the illumination 
light from the light source (1) by this invention at a mask (R) for solution of the above-mentioned 
trouble (6, 7, 10), The projection optics which carries out image formation of the pattern (PA) of a mask 
on a sensitization substrate (W) (PL), In the projection aligner which has a movable stage (15) in the 
direction of an optical axis (AX) of projection optics, and the direction perpendicular to an optical axis 
while holding a sensitization substrate Are prepared on a stage, and an opening pattern is illuminated 
from a stage side, moving the criteria member (19) and; stage which have a predetermined opening 
pattern in the direction of an optical axis. The light which reached the mask through projection optics 
and was reflected with the mask Projection optics, a light-receiving means to receive light through an 
opening pattern, a stage location measurement means to measure the location of the stage about the 
direction of; optical axis, and an amount operation means of aberration to calculate the amount of 
aberration of projection optics from the signal wave form acquired from; photoelectrical detection means 
were established. 
[0007] 

[Function] In this invention, the predetermined opening pattern prepared on the stage is illuminated with 
the light of wavelength almost equal to exposure light from a stage side, and incidence of this 
illumination light is carried out to a mask through projection optics. And incidence of the illumination 
light reflected with the mask is carried out to a photodetector through projection optics and an opening 
pattern. The amount of aberration is calculated using the wave of the photoelectrical detecting signal 
from this photodetector. Since it is not necessary for ** to prepare the pattern of dedication on a mask 
while being able to skip procedures, such as exposure to a test substrate, development, and 
measurement, change of the amount of aberration can be serially known at the time of actual 
measurement. Consequently, it exposes in the condition that aberration has occurred and there is no un- 
arranging [ of taking out a defective ]. 
[0008] 

[Example] Drawin g 1 is the top view showing the rough configuration of the projection aligner by one 
example of this invention. In drawing, the light source 1 of an extra-high pressure mercury lamp etc. 
generates the illumination light (i line etc.) IL of a wavelength region which exposes a resist layer. As 
the light source for exposure, the higher harmonic of laser light sources, such as KrF besides the bright 
lines, such as a mercury lamp, and ArF excimer laser, or metal vapor laser, or an YAG laser may be 
used. It reflects in the ellipse mirror 2 and the illumination light IL is the 2nd focus fO. After condensing, 
incidence is carried out to a mirror 5 and a collimator lens 6, and the fly eye lens 7. The variable aperture 
8 is formed in the injection side of a fly eye lens, and it is possible to change lighting conditions 
according to the class of reticle, or the periodicity of a pattern. Modification of this lighting condition is 
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performed by driving a variable aperture 8 by the motor 9. 

[0009] Moreover, the 2nd focus fO The shutter (for example, rotary shutter of four-sheet feather) 3 which 
performs closing of the optical path of the illumination light IL and disconnection by the motor 4 is 
arranged in near. Incidence of the illumination light IL which passed the variable aperture 8 is carried 
out to the adjustable blind 1 1 which restricts the lighting field on relay lenses 12a and 12b and Reticle R, 
and the optical system 10 containing a condenser lens 13, and it results in a mirror 14, and after being 
reflected caudad almost perpendicularly, it illuminates pattern space PA of Reticle R with an almost 
uniform illuminance here. Reticle R is laid on the reticle stage RS, and a reticle stage RS can move 
Reticle R slightly in the XY direction. Moreover, a reticle stage RS can move Reticle R slightly also to a 
Z direction (the direction of an optical axis) by the mechanical component 51, and the distance of Reticle 
R and projection optics PL can be changed, or it can lean Reticle R to a flat surface perpendicular to an 
optical axis AX. the illumination light IL which passed pattern space PA — a both-sides tele cent ~ 
carrying out incidence to the rucksack projection optics PL, projection optics PL forms the projection 
image of the circuit pattern of Reticle R on Wafer W. A resist layer is formed in a front face, Wafer W is 
held on the wafer stage 1 5 so that the front face may be mostly in agreement with the best image 
formation side, and heavy doubling ****** projection of the circuit pattern is carried out to one shot 
field on Wafer W. (Image formation of drawing 1 has not been carried out on Wafer W on account of 
explanation.) Vacuum adsorption is carried out at the wafer holder 16, and Wafer W is held on the wafer 
stage 15 through this holder 16. While being able to incline in the direction of arbitration and being able 
to move slightly in the direction of an optical axis (Z direction) to the best image formation side of 
projection optics PL, after consisting of step-and-repeat methods movable in the two-dimensional 
direction (X, the direction of Y) and completing imprint exposure of the reticle R to one shot field on 
Wafer W, stepping of the wafer stage 1 5 is carried out to the shot location of a degree. 
[0010] Moreover, into drawing 1 , the focus system (wafer location detection system) of the oblique 
incidence method which consists of the exposure optical system 1 7 which supplies the image formation 
flux of light for forming the image of a pinhole or a slit towards the best image surface of projection 
optics PL from the direction of slant to an optical axis AX, and the light-receiving optical system 1 8 
which receives the reflected light bundle in the front face of the wafer W of the image formation flux of 
light through a slit is prepared. About the configuration of this focus system, it is indicated by JP,60- 
1681 12,A, for example, the location of the direction (Z direction) over the image formation side on the 
front face of a wafer is detected, and the focus condition of Wafer W and projection optics PL is 
detected. In addition, in this example, the include angle of the parallel monotonous glass (plane parallel) 
which is not illustrated [ which was beforehand prepared in the interior of the light-receiving optical 
system 1 8 ] is adjusted, and the calibration of a focus system is performed so that the best image 
formation side on a design may serve as zero-point criteria. 

[001 1] Next, an aberration detection system is explained. The pattern plate 19 is formed on the wafer 
stage 15, and on the pattern plate 19, as shown in drawing 2 , the predetermined opening pattern for 
aberration detection is drawn. Here, the pattern plate 19 is formed so that the front face of the pattern 
plate 19 may turn into a front face of Wafer W the same flat-surface top mostly. Beam-of-light IL' of the 
same wavelength field as the illumination light IL illuminates the pattern plate 19 from the wafer stage 
15 side (lower part) through the dichotomy fiber 20, a variable aperture 21, relay lenses 23a and 23b, a 
mirror 24, and a condenser lens 25 mostly. Illumination-light IL 1 may branch the illumination light IL 
from the light source 1, and may install separately the light source which injects the light of the same 
wavelength as the illumination light IL. Image formation of the flux of light which came out from 
pattern opening of the pattern plate 19 is carried out to the pattern side PA of Reticle R through 
projection optics PL, and the reflected light carries out image formation on the pattern plate 19 through 
projection optics PL again. The flux of light which resulted in the pattern plate 19 passes opening of a 
pattern 19 again, passes along a condenser lens 25, a mirror 24, relay lenses 23a and 23b, a variable 
aperture 21, and the dichotomy fiber 20, and reaches an optoelectric transducer 26. The main control 
system 29 controls a motor 27, and moves the wafer stage 1 5 to a Z direction, and the aberration 
detection system 28 in the main control system 29 receives the signal S3 from an optoelectric transducer 
26 to this and coincidence synchronizing with the signal from the light-receiving optical system 1 8 of a 
focal detection system. Thereby, the aberration detection system 28 obtains the output of the optoelectric 
transducer 26 to the location of the Z direction of the wafer stage 15. The main control system 29 also 
performs control of the motor 9 which drives a variable aperture 8, and the motor 22 which drives a 
variable aperture 21 . In addition, the aberration detection system 28 can be used for focal location 
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detection (image formation side detection of projection optics PL) of a TTL (SURUZA lens) method, 
and can detect a focal location and aberration to coincidence. The main control system 29 controls the 
whole equipment besides control of a mechanical component 51 in generalization. Here, the opening 
pattern serves as combination of the pattern of the many directions like drawin g 2 in consideration of 
astigmatism. 

[0012] The principle in which a focal location can be found by the aberration detection system 28 is 
briefly explained using drawing 3 . Drawing 3 (a) is reflected with the mask R when Reticle R and the 
pattern plate 19 are shifted from the location [****] a little. When it is drawing showing the quantity of 
light distribution of the image of the opening pattern 19 by which image formation was again carried out 
through projection optics PL and drawin g 3 (b) has Mask R and the pattern plate 19 in a location 
[****], It is drawing showing the quantity of light distribution of the image of the opening pattern 19 
by which was reflected with Mask R and image formation was again carried out through projection 
optics PL, and drawing 3 (c) shows an example of the reference pattern plate 19. In drawing 3 (c), 19a is 
the protection-from-light section by the chromium vacuum evaporationo film etc. 
[0013] When the reference pattern plate 19 and the pattern side of Reticle R are located in a location 
[****], as the intensity distribution of the image of the reference pattern plate 19 are shown in the 
distribution calcium of drawing 3 (b), almost in accordance with distribution of the light and darkness of 
reference pattern plate 1 9 the very thing, a great portion of light returns to the wafer stage 1 5 mostly 
through the transparency section of the reference pattern plate 19. On the other hand, when the reference 
pattern plate 19 is shifted from the pattern side of Reticle R, and the field [****] a little, as the image of 
the reference pattern plate 19 in which re-image formation was carried out by the reflected light from 
Reticle R is shown in the distribution Cb of drawing 3 (a), contrast falls. In this case, the slash section 
under distribution Cb of drawing 3 (a) cannot lap with protection-from-light section (nontransparent 
section) 19a of the reference pattern 19 of drawing 3 (c), and a reference pattern 19 cannot be passed, 
but the quantity of light which reaches an optoelectric transducer 26 decreases. 

[0014] Drawing 4 is drawing showing the output value from the optoelectric transducer 26 at the time of 
setting an axis of ordinate as the output value of the detecting signal S3 from an optoelectric transducer 
26, setting an axis of abscissa as the Z coordinate of the pattern plate 19, and moving the opening pattern 
19 to a Z direction. It can ask for the location of the Z direction of the pattern plate 19 from the output 
from the light-receiving optical system 1 8 of a focal detection system. The time of Z coordinate Za when 
the output value S3 of an optoelectric transducer 26 is the largest having Reticle R and the pattern plate 
19 in a location [****/ almost ] (when it being peak value) is shown in drawing 4 , and, in the case of 
drawing 3 (b), it corresponds. Z coordinate Zb when being in the point that the output value from an 
optoelectric transducer 26 has fallen from peak value in drawing 4 shows the time of Reticle R and the 
pattern plate 19 being shifted from the location [****] a little, and, in the case of drawing 3 (a), 
corresponds. 

[0015] When the reference pattern plate 19 comes to the focal location of projection optics PL as 
mentioned above, the detecting signal S3 outputted from an optoelectric transducer 26 serves as max. 
The signal wave form of a detecting signal S3 turns into a wave which falls in a concave on both sides of 
a peak by the interference phenomenon of the flux of light as shown in drawing 4 . Next, the 
configuration of the amendment means for amending an image formation condition is explained. In this 
example, it has composition which amends image formation properties (spherical aberration, comatic 
aberration, astigmatism, curvature of field, etc.) by driving the lens element of projection optics PL, or 
changing the pressure between lens elements. For this reason, a part of optical element of projection 
optics PL is movable. Furthermore, it has composition which makes adjustable the pressure between the 
optical elements of projection optics PL. Drawing 5 is drawing which explains the equipment of drawin g 
1 partially, and is drawing showing the device which makes adjustable the mechanical component of 
Reticle R, the mechanical component of the optical element of projection optics PL, and the pressure 
between optical elements. The supporter material 34 is fixed and the lens element 33 nearest to Reticle R 
is formed on the supporter material 36 through the driver element 35. The supporter material 36 is being 
fixed to the lens-barrel 52 of projection optics PL. A driver element 35 consists of driver elements 35a, 
35b, and 35c (only 35a and 35b are illustrated in drawing 5 ) arranged in the location which it rotated 
120 degrees at a time, respectively, and an independent control is possible for each driver element by the 
driver element control section 38. In addition, in drawing 5 , although the lens element 33 is shown as 
one lens, it can move slightly independently each lens group which shall be the lens element which 
consists of a lens group of three groups (or two groups), and constitutes the lens element 33 by the driver 
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element (un-illustrating). 

[0016] Moreover, the supporter material 45 is fixed and the lens element 44 near about [ of projection 
optics PL ] pupil surface PI is formed on the supporter material 47 through the driver element 46. The 
supporter material 47 is being fixed to the lens-barrel 52 of projection optics PL. A driver element 46 
consists of driver elements 46a, 46b, and 46c (only 46a and 46b are illustrated in drawing 5 ) arranged in 
the location which it rotated 120 degrees at a time, respectively, and an independent control is possible 
for each driver element by the driver element control section 48. For example, the amount of 
displacement of the driver element according to the electrical potential difference or field given to a 
driver element shall be calculated beforehand, using an electrostriction component and magnetostrictor 
as driver elements 35 and 46. Although not illustrated here, suppose that a capacity type displacement 
sensor, a differential transformer, etc. are formed near the driver element as location detection 
equipment in consideration of the hysteresis nature of a driver element. Since the monitor of the location 
of the driver element corresponding to the electrical potential difference or field given to a driver 
element can be carried out by this, a highly precise drive is attained. Jogging of lens EREMEN 33 and 
44 is performed so that spacing of a lens element may be changed, a lens element may be leaned to a flat 
surface perpendicular to an optical axis AX or a lens element may be moved in a flat surface 
perpendicular to an optical axis AX. About the configuration and actuation which drive such an optical 
element, it is indicated in detail by JP,4-134813,A. 

[0017] In this example, by controlling the above-mentioned driver element 35 by the driver element 
control section 38, it has become movable about the lens element 33 near Reticle R, and the lens element 
33 has chosen what the effect which gives image formation properties, such as comatic aberration and a 
curvature of field, tends to control greatly compared with other lens elements. Moreover, since the 
movable lens element 33 is considered as 3 group configurations, a successive range can be enlarged by 
moving a lens element, pressing down fluctuation of many of other aberration. Moreover, by controlling 
the above-mentioned driver element 46 by the driver element control section 48, it has become movable 
about the lens element 44 near a pupil surface PI, and the lens element 44 has chosen what the effect 
which gives spherical aberration tends to control greatly compared with other lens elements. 
[0018] As for the lens elements 37 and 50, it is fixed to the lens-barrel 52, and the atmospheric-pressure 
adjusting device 39 adjusts the pressure of the air of the lens interior of a room between the lens element 
33 and the lens element 37, and the atmospheric-pressure adjusting device 49 adjusts the pressure of the 
air of the lens interior of a room between the lens element 44 and the ENZU element 50. Thus, changing 
the image formation property of projection optics and amending aberration etc. is indicated by JP,60- 
78454,A by changing the pressure of the air section between lens elements. 

[0019] Moreover, near the pupil surface PI, the cylindrical lenses 40 and 41 of two sheets are formed, 
and astigmatism is controlled by rotating these relatively by mechanical components 42 and 43, or 
changing spacing of a lens. Cylindrical lenses 40 and 41 are arranged in the direction which intersected 
perpendicularly mutually, and change the refractive index in X and the direction of Y by rotating these 
relatively. And the astigmatism component which was made to rotate these lenses relatively and was 
generated with other lens elements so that X and Y component might negate each other is removed. The 
main control system 29 controls these driver element control sections 38 and 48, mechanical 
components 42 and 43, and the atmospheric-pressure adjusting devices 39 and 49. 
[0020] Next, the above-mentioned variable aperture 8 and the variable aperture 30 within projection 
optics PL are explained briefly. Generally as a numeric value which shows the property of an 
illumination system, the sigma value showing the numerical aperture NA of projection optics and the 
coherency of the illumination light is used. Numerical aperture and a sigma value are explained with 
reference to drawing 6 . The greatest include-angle thetaR which can pass the flux of light from the 
reticle R side of projection optics PL in drawing 6 since the aperture diaphragm 30 is formed in the pupil 
surface PI of projection optics PL, i.e., the Fourier transform side of a mask pattern PA, And the greatest 
include-angle thetaW of the flux of light which carries out an incident light to Wafer W (pattern plate 
19) side from projection optics PL It is restricted to the predetermined value, the numerical aperture PL 
of projection optics PL — sinthetaW it is — if a projection scale factor is set to 1/m — sinthetaR 
^sinthetaW It has the relation of /m. 
[0021] 

[Equation 1 ] sigma IL=sinthetaIL/sinthetaR Although resolution improves so that numerical aperture 
NA is large to general = m-sinthetalL/sinthetaW, the depth of focus becomes shallow. Although the 
edge of a pattern will fade on the other hand if the edge of a pattern will be emphasized if a sigma value 
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becomes small, and a sigma value is large since the coherency of the exposure light IL becomes good so 
that a sigma value is small, it comes to be able to perform resolving of a thinner pattern. Therefore, 
change of a sigma value changes the illumination distribution in the pupil surface PI of projection optics 
PL. 

[0022] As mentioned above, according to lighting conditions, the temperature distribution inside 
projection optics PL change, and this means that the aberration generated by the temperature rise differs. 
As shown in a rotor plate 8 at drawing 7 , specifically, six kinds of aperture diaphragms 132-137 are 
formed by the equiangular distance. Among these aperture diaphragms, the circular aperture diaphragms 
132 and 133 have the usual circular openings 132a and 133a of a diameter different, respectively, and 
the zona-orbicularis aperture diaphragm 134 has zona-orbicularis-like opening 134a. Moreover, the 
aperture diaphragms 135 and 136 for two or more oblique illuminations have one pair of minute 
openings 135a and 135b arranged in the direction which intersects perpendicularly mutually, 
respectively, and 136a and 136b, and the aperture diaphragm 137 for two or more oblique illuminations 
has four minute openings 137a-137d arranged centering on an optical axis at the equal distance. 
[0023] In addition, when using the drawing 135,136,137 of a rotor plate 8, it is desirable to set up so that 
the sigma value of the illumination-light bundle from each opening may become 0.1 to about 0.3. 
Furthermore, it is desirable to constitute so that it may extract according to whenever [ of a reticle 
pattern / detailed ] (pitch etc.) and the location of each opening in each of 135-137 can be tuned finely. 
Furthermore, since the illuminance homogeneity on a reticle or a wafer can worsen when using 
diaphragms 133-137, what each element of the fly eye lens 7 is made fine for (the cross section is made 
small) is desirable. Still more nearly another integrator (a fly eye mold or rod mold) is added, and it is 
good also as two steps of integrator structures. 

[0024] Moreover, at the time of use of diaphragms 135-137, since the quantity of light loss is large, it is 
good to constitute using optical dividers, such as an optical fiber and multiple prism, so that exposure 
light may be led to each opening on a diaphragm. Moreover, especially as an example of the selection 
criterion of the aperture diaphragm of a rotor plate 8, to a detailed pattern, using an aperture diaphragm 
135,136,137 (what is necessary is just to choose these three proper use according to the periodicity of a 
reticle pattern), when line breadth is not severe, an aperture diaphragm 133 (or an aperture diaphragm 
141 may be used) is used for a phase shift reticle using an aperture diaphragm 132. The aperture 
diaphragm 137 of an aperture diaphragm 135 is effective to a two-dimensional pattern to the periodic 
pattern arranged in the direction of X, and the periodic pattern with which the aperture diaphragm 36 
was arranged in the direction of Y. 

[0025] It is indicated by JP,4-180612,A, JP,4-180613,A, JP,4-225514,A, etc. about the optimal location 
of opening of aperture diaphragms 135, 136, and 137. For example, when it is an effective aperture 
diaphragm and its attention is paid to one opening 137a about an aperture diaphragm 137 to a two- 
dimensional period pattern, an aperture diaphragm 137 defines the location of opening 137a so that 
either of the primary [ **] diffracted lights, either of the primary [ **] diffracted lights by the pattern of 
the direction of Y, and the zero-order diffracted light by the pattern of the direction of X may serve as 
the equal distance from an optical axis on the pupil surface PI of projection optics PL. If a location is 
defined on conditions with the same said of other openings (137b-137d), each opening (137a-137d) will 
be set to the location which serves as the equal distance from an optical axis after all. 
[0026] When searching for aberration from the signal wave form from an optoelectric transducer 26, in 
order to make in agreement here two quantity of light distribution in case the illumination light IL from 
the illumination- light study system 10 and illumination-light IL' which passed the pattern plate 19 pass 
projection optics PL, It is necessary to make illumination distribution in the pupil surface PI of the 
projection optics PL by the illumination light from a fiber 20 equal to the illumination distribution in the 
pupil surface PI of the projection optics PL by the illumination light injected from the fly eye lens 7. 
What is necessary is to consider as six kinds of aperture diaphragms [****/ the aperture diaphragm 
(132-137) which shows the aperture diaphragm which formed the rotor plate 21 near the edge / in 
collaboration / 20of fiber bundle b, and was prepared in the rotor plate 21 to drawing 7 ], and just to 
choose the aperture diaphragm of a rotor plate 21 there according to the aperture diaphragm of a rotor 
plate 8. 

[0027] Next, how to search for aberration from the signal wave form from an optoelectric transducer 26 
is explained. From the wave of a photoelectrical detecting signal, the principle asked for each amount of 
aberration can be explained as follows. In order to improve resolving of specific pattern line breadth, 
when NA of the source of the illumination light is made small, it becomes what the flux of light inclines 
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toward the center section of the lens of projection optics (it gathers) (when it considers as partial 
coherent illumination). When there is a mask pattern, the diffracted light reaches around a lens, but since 
the reinforcement of the diffracted lights other than zero-order is generally weaker than the zero-order 
diffracted light, the inclination for the flux of light to incline toward the center section of the lens does 
not change. 

[0028] Then, when very slight heat absorption exists in the lens which constitutes projection optics, if 
light is irradiated at projection optics, generation of heat will take place according to the quantity of light 
which penetrates a lens. When a lens generates heat, in many cases, a refractive index increases with 
expansion (however, there is also a case of reduction by generation of heat). That is, in the convex lens 
which has forward power (refractive power) by generation of heat, the power of a lens center section 
increases compared with a periphery according to deformation of a lens center section and the 
effectiveness of a distribution refractive-index lens. This situation is shown in drawing 8 , the condition 
that drawing 8 (a) does not have spherical aberration is shown, and drawing 8 (b) shows the condition 
(condition which spherical aberration has generated) of having carried out superfluous amendment of the 
spherical aberration. When spherical aberration is amended by the initial state like drawin g 8 (a), as the 
slash of drawing 8 (b) shows after the exposure of light, the power of the center section of the lens 32 
increases, and since it will be in the condition that only M carried out superfluous amendment of the 
spherical aberration, a focal location is changed (it ****s out of a focus). 

[0029] Drawing 9 is drawing showing the output signal S3 from a photodetector 26, like drawing 4 , an 
axis of ordinate shows signal strength and an axis of abscissa shows the location of the Z direction of the 
pattern plate 19. The output signal S3 in case drawing 9 (a) does not have spherical aberration is shown, 
and drawing 9 (b) shows the output signal S3 when spherical aberration has occurred. When signal 
detection by focal detection equipment is performed in this condition, the signal which spread along the 
direction of an optical axis as shown in drawing 9 (b) will be acquired. In the condition that there is no 
spherical aberration, the diameter of the flux of light turns into a symmetrical diameter in accordance 
with an optical axis, the half-value width of the signal wave form shown in drawing 9 (a) — Wl it is — 
half- value width Wl Z location Z0 in a core and peak value It is in agreement. That is, the signal wave 
form of drawing 9 (a) is a symmetrical signal wave form about peak value. 

[0030] On the other hand, in drawing 9 (b), the diameter of the flux of light in that order meets an optical 
axis by overspherical-aberration amendment on the basis of the circle of least confusion location 
( drawing 9 (b) Zl), and it becomes an unsymmetrical diameter. Therefore, distribution of the signal 
quantity of light is Zl to the appearance shown in drawing 9 (b). It is related and becomes 
unsymmetrical. The above is the process in which a lens has deformation and a distribution refractive 
index asymmetrically by optical exposure, and a focal detecting signal is distorted. In addition, although 
a concave lens is also contained in a lens, since it is a convex lens as a whole, the above explanation is 
qualitatively applied. In that case, the amount of spherical aberration (based on superfluous amendment) 
to generate is followed, and it is the half- value width w2 of a signal. Half- value width Wl Since it 
compares and becomes large, it is half- value width w2. It can measure and the amount of spherical 
aberration can be measured. Moreover, since the asymmetry of a signal also increases according to the 
amount of spherical aberration, it is also possible to measure the amount of spherical aberration from the 
asymmetry of a signal. Specifically, it is the bottom value 10 on the left-hand side of a signal wave form. 
Peak value P0 of a signal wave form It inserts and is the right-hand side bottom value II . Output 
difference 12 Measurement of spherical aberration is possible also by measuring, moreover, a bottom 
value — the bottom value 10 and II not only — two or more bottom value as a high order component — 
peak value P0 It inserts and appears in right and left. The amount of spherical aberration can be 
measured to high degree of accuracy by comparing the bottom value of these right and left over two or 
more sets. In addition, change of the half-value width W of a signal, the relation of the yield of spherical 
aberration, or the relation of the yield of the difference and spherical aberration of a bottom value is 
called for from performing proof print etc. beforehand. This relation shall be inputted into the main 
control system 29 by the input means 53, and shall be memorized by the memory in the main control 
system 29. Moreover, it asks by measuring the focus location within the image surface using opening 
pattern 1 9a of the many directions as shown in drawing 2 also about a curvature of field. 
[0031] The above case explained the case where the flux of light shone upon a projection lens at axial 
symmetry. However, when the pattern of an one direction is in a mask, the diffracted light will occur not 
in axial symmetry but in asymmetry. Therefore, the case where deformation of the lens by exposure 
takes place to a shaft asymmetrically can be considered. That is, astigmatism (astigmatic difference) 
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arises by exposure. In this case, it is made to perform focal location measurement in at least two 
directions (for them to be the radiation direction and a direction perpendicular to it centering on the 
optical axis of projection optics) which arranged pattern 19a of the projection pattern plate 19 in the 
same direction, and are different in that direction. Then, it is the peak location Z0 shown in drawing 7 
when there was the astigmatic difference. Values differ in each direction and can measure the astigmatic 
difference by measuring the difference. 

[0032] Moreover, although the above example explained spherical aberration, a curvature of field, and 
astigmatism, comatic aberration etc. is detectable with an aberration detection system. That is, what is 
necessary is just to detect that the focus location and detecting signal of the direction of an optical axis 
have breadth according to comatic aberration. As specifically shown in drawing 10 , let opening pattern 
19a be the pattern which has the two directions of the pattern (S image) of a radial, and a pattern (M 
image) perpendicular to it centering on the optical axis AX of projection optics PL. And comatic 
aberration is measurable by comparing the unsymmetrical component of the signal acquired from each 
pattern. Drawing 1 1 shows the signal wave form acquired from the pattern shown in drawing 10 , 
drawing 1 1 (a) shows the signal acquired from the pattern (S image) of the radiation direction, and 
drawing 1 1 (b) shows the signal acquired from the pattern (M image) of a direction perpendicular to the 
radiation direction here. In drawing 1 1 , the case where the radiation direction component (S image) is 
unsymmetrical is shown for comatic aberration, the aberration detection system 28 compares the 
unsymmetrical component of these two signals, and the amount of comatic aberration is measured. 
Asymmetric detection uses half- value width W like the case of detection of the spherical aberration 
explained using drawing 9 , and is the half- value width Wl of two signals. W2 What is necessary is to 
compare or just to ask by comparing two bottom values which sandwiched peak value etc. The relation 
between the difference of an unsymmetrical component and the amount of comatic aberration is called 
for from performing proof print etc. beforehand. This relation shall be inputted into the main control 
system 29 by the input means 53, and shall be memorized by the memory in the main control system 29. 
[0033] In addition, in case spherical aberration and comatic aberration are measured, the measurement 
by the 2-way from which pattern 19a differed may be equipped with two or more focal measurement 
systems shown in drawing 1 , prepares the mark of a direction which is different in pattern 1 9a, and may 
take the approach of switching and choosing them by diaphragm etc. Next, the measurement approach of 
the image formation property of the projection optics PL, such as spherical aberration in this example 
and comatic aberration, is described. It moves by the motor 27 on the wafer stage 1 5 so that the core of 
opening 19a on the criteria member 19 may come on the optical axis AX of projection optics, this — the 
time — coincidence — a motor — 27 — driving — a wafer — a stage — 15 — projection optics — PL — a 
design — a top — best — a focus — a location (the best image formation side) — ** — considering — 
having — a location — from — expecting — having — a focus — fluctuation ~ an amount (the amount of 
fluctuation of an image formation property) — several — a time — about -- lowering — or — or — raising — 
it grazes, this ~ for example, about (2 and DOF) 2 times of the depth of focus (**DOF) — lowering ~ or 
— or you may carry out whether it raises. Moreover, the rear face (pattern side) of Reticle R is 
illuminated through opening 19 and projection optics PL to coincidence. After the illumination light 
reflected from Reticle R passes along projection optics PL and opening 19 again, incidence of it is 
carried out to a photodetector 26 through a lens 25, a mirror 24, a lens 23, and an optical fiber 20. about 
2 times of the amount of focal fluctuation expected which mentioned the wafer stage 1 5 above up (or 
lower part) in this condition after that — scanning . At this time, the aberration detecting element 28 
samples and carries out A/D conversion of the output of a photodetector 26, and the output of the light- 
receiving optical system 18 of a focus system to coincidence at every [ of the wafer stage 15 ] unit 
movement magnitude (for example, 0.02 micrometers), and relation as shown in drawing 4 is obtained. 
And based on the signal wave form from an optoelectric transducer 26, aberration is measured from the 
symmetric property etc. like the above-mentioned. 

[0034] Next, the amendment approach of the aberration of the projection optics PL by this example is 
explained. When the amount of aberration is detected as mentioned above, aberration can be amended 
by adjusting a projection lens etc. 

[Amendment of spherical aberration] The amendment approach of spherical aberration is explained. 
Amendment of spherical aberration is performed by changing lens spacing of the lens elements 44 and 
50 ( drawing 5 ) of pupil P2 near [ projection optics PL ]. Moreover, it may be made to perform 
aberration amendment by changing the pressure of the air of the lens interior of a room between the lens 
element 44 and 50 with the atmospheric-pressure adjustment 49. 
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[Amendment of comatic aberration and a curvature of field] Amendment of comatic aberration or a 
curvature of field is performed by changing spacing of the lens which is separated from a pupil P2. In 
this example, aberration amendment is performed by moving the lens element 33 and inclining. 
Moreover, amendment of comatic aberration may be made to perform the pressure of the air of the lens 
interior of a room between the lens elements 33 and 37 with the atmospheric-pressure adjusting device 
39. 

[Amendment of astigmatism] Amendment of astigmatism is performed by rotating relatively the 
cylindrical lenses 40 and 41 of two sheets prepared in the lens. Moreover, you may make it change 
spacing of the cylindrical lens of two sheets. 

[0035] As mentioned above, each aberration amendment is carried out to other aberration by effect 
choosing few lens elements. Moreover, it is made to perform measurement and amendment of such 
aberration by modification of each lighting conditions being interlocked with. Here, when achromatism 
of the projection lens is carried out by plurality or a certain wavelength range, it is possible to measure 
many aberration which enabled the exposure on two or more wavelength from the focus system 
(exposure optical system 1 7) of drawing 1 , performed measurement using two or more wavelength 
independently respectively, and carried out signal machine ****** **** g- om the optoelectric 
transducer 26. In that case, a bunt pass filter is inserted in the light source section, and they are 
exchanged so that two or more wavelength may be penetrated, respectively. 

[0036] Moreover, although possibility that the image surface will move up and down is also considered 
by the drive of the lens elements 33 and 44, Wafer W will be set to the best image surface whenever it 
gives offset to an output value from the light-receiving optical system 1 8 of a focus system according to 
this variation. Next, the exposure sequence which interrupts exposure is explained based on the result 
from the aberration detection system 28. 

[0037] Half- value width w2 of the signal from an optoelectric transducer 26 If it becomes above large to 
some extent, since an image formation condition will get worse, it is w2 beforehand. When the upper 
limit is defined and it is exceeded, making it interrupt exposure actuation is also thought of. Aberration 
conditions get worse by absorption of the illumination light of projection optics PL as mentioned above. 
For this reason, aberration is checked with an aberration measurement means at the time of exposure 
working, for example, wafer exchange, and it judges whether it has exceeded to the allowed value 
beforehand calculated by the experiment or the simulation. It is desirable to perform the calibration of a 
focal location to coincidence, of course at this time. When it is over the allowed value, the aberration 
detection system 28 generates warning in the main control system 29, and the main control system 29 
stops exposure actuation, this condition — being periodical (every [ for example, ] 30sec(s)) — it judges 
whether aberration was measured and it is over the allowed value. The heating value accumulated in 
projection optics PL by interruption of exposure actuation is emitted outside, in the order which became 
below the allowed value, the aberration detection system 28 starts the signal of Exposure O.K., and 
delivery and the Maine controller start exposure actuation again at the main control system 29. Since the 
above-mentioned allowed values differ by the line breadth of the exposed reticle pattern, a pattern 
species, etc., conditions are beforehand inputted into the main control system 29 with the input means 
53, and making permissive conditions adjustable is also considered. Moreover, measurement spacing of 
aberration is not necessarily limited for every fixed spacing, and immediately after the exposure of the 
illumination light IL, measurement spacing is lengthened, and measurement spacing is shortened as 
irradiation time becomes long. Moreover, a pattern 19 may be made exchangeable and you may make it 
in agreement with a real exposure pattern. 

[0038] Next, the approach of amending the calibration of the focal location which can be found by the 
aberration detection system is explained. Focal location measurement can be performed using the 
reference pattern plate 1 9 as mentioned above, usually, the pattern exposed although the pattern of the 
pattern plate 19 is made in agreement with the actually exposed line breadth — size — it is various and is 
not necessarily in agreement. In this case, when spherical aberration occurs by illumination-light 
absorption, a focal location changes with line breadth and there is a problem that the result of focal 
location measurement is not in agreement in the focal location of a real exposure pattern. Here, if 
exposure line breadth and the amount of spherical aberration are known, it can amend. About line 
breadth, it writes in by the approach of inputting, for example from a keyboard etc., or the reticle bar 
code, and how to read can be considered. What is necessary is to ask for relation by measurement or the 
simulation beforehand about spherical aberration and the amount of focal location gaps, and just to 
memorize in the form of a table or a formula. Or the method of waiting for the effect which the amount 
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of spherical aberration does to focal detection to prepare the allowed value which can be disregarded 
enough, and not to perform focal location measurement in more than an allowed value, for example, to 
interrupt exposure actuation, and to cool projection optics enough is also considered. 
[0039] Thus, since the aberration of projection optics PL is actually measurable based on the signal 
wave form from an optoelectric transducer 26, the time and effort of exposing a pattern using a special 
mask is not taken, but the amount of aberration is simply known at the time of actual equipment use. 
Based on this surveyed aberration, termination of the exposure actuation at the time of aberration 
generating, error correction of the focal detection system by the amount of aberration, or amendment of 
the real time of aberration can be performed. 

[0040] As drawing 5 explained, although [ the above-mentioned example ] it has the devices 39 and 49 
in which the pressure of the air chamber between lens elements is changed, and the devices 38, 48, 42, 
and 43 in which spacing of a lens element is changed, it is necessary to have no aberration amendment 
devices. For example, you may make it have the devices 39 and 49 in which a pressure is changed, or 
the devices 38, 48, 42, and 43 in which spacing of a lens element is changed. Moreover, it is also 
effective to have only these parts to specific aberration amendment. 
[0041] 

[Effect] Since the amount of aberration can be surveyed as mentioned above according to this invention, 
where aberration is amended, it can expose or exposure actuation according to aberration can be 
performed. Moreover, since the amount of aberration can be surveyed, even when the amount of 
aberration generated [ oblique illuminations / a phase shift reticle, / two or more ] cannot be predicted, 
the exposure according to the aberration to generate is attained. 

[Translation done.] 
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[Procedure revision] 

[Filing Date] January 12, Heisei 12 (2000. 1.12) 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] A projection aligner and an approach 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1 ] In the illumination-light study system which irradiates the illumination light from the light 
source at a mask, the projection optics which carries out image formation of the pattern of said mask on 
a sensitization substrate, and the projection aligner which has a movable stage in the direction of an 
optical axis of said projection optics, and the direction perpendicular to this optical axis while holding 
said sensitization substrate, 

Criteria member which is prepared on said stage and has a predetermined opening pattern; 

A light-receiving means to receive the light which illuminated said opening pattern from said stage side, 
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moving said stage in the direction of an optical axis, reached said mask through said projection optics, 
and was reflected with said mask through said projection optics and said opening pattern; 
A stage location measurement means to measure the location of said stage about said direction of an 
optical axis; 

The projection aligner characterized by having an amount operation means of aberration to calculate the 
amount of aberration of said projection optics from the signal wave form acquired from said 
photoelectrical detection means. 

[Claim 2] The projection aligner according to claim 1 characterized by having an aberration amendment 
means to amend the aberration of said projection optics based on the result of said amount operation 
means of aberration. 

[Claim 3] The projection aligner according to claim 1 characterized by having the exposure actuation 
control means which interrupts exposure actuation based on the result of said amount operation means of 
aberration. 

[Claim 4] The projection aligner according to claim 1 characterized by having a stage location 
amendment means to amend the location of said direction of an optical axis of said sensitization 
substrate based on the result of said amount operation means of aberration. 

[Claim 5] It is the projection aligner which exposes said substrate by projecting the pattern of a mask on 
a substrate through projection optics, 

Said projection optics is arranged between the 1st [ which was fixed to the lens-barrel ], and 2nd fixed 
lens elements, the 1 st [ said ] fixed lens element, and said 2nd fixed lens element, and it has a movable 
moving lens element to said lens-barrel, 

The driving means to which said moving lens element is moved, 

A detection means to detect the spherical aberration of said projection optics, 

The projection aligner characterized by having the control means which controls said driving means 
based on the spherical aberration detected by said detection means, and moves said moving lens 
element. 

[Claim 6] While illuminating said mask by exposure light, it has further the illumination system which 
can change lighting conditions, 

Said detection means is a projection aligner according to claim 5 characterized by for modification of 
said lighting conditions being interlocked with and detecting said spherical aberration. 
[Claim 7] Said illumination system is a projection aligner according to claim 6 characterized by having 
the modification member which changes the illumination distribution in the pupil surface of said 
projection optics. 

[Claim 8] Said detection means is a projection aligner given in any 1 term of claims 5-7 characterized by 
the ability to also detect aberration other than the spherical aberration of said projection optics. 
[Claim 9] The positional information in the direction of an optical axis of said projection optics of said 
substrate is detected, and it has further a focus means to make said substrate and best image formation 
side of said projection optics agree according to this detection result, 

Said control means is a projection aligner given in any 1 term of claims 5-8 characterized by giving the 
offset according to migration of said moving lens element to said focus means. 

[Claim 10] It is the projection exposure approach which exposes said substrate by projecting the pattern 
of a mask on a substrate through projection optics, 

The projection exposure approach characterized by being arranged between the 1st [ which detected the 

spherical aberration of said projection optics and was fixed to the lens-barrel of said projection optics 

based on the detected spherical aberration ], and 2nd fixed lens elements, and moving a movable moving 

lens element to said lens-barrel. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0005 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0005] 

[Problem(s) to be Solved by the Invention] In the Prior art like the above, the calculated amount of 
aberration is a forecast to the last, and an actual aberration yield does not understand it. As a technique 
for increasing resolution especially in recent years, zona-orbicularis-like lighting or the oblique 
illumination from [ which is indicated by JP,4-180612,A and JP,4-180613,A ] plurality is proposed, and 
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a phase shift mask which is further indicated by JP,62-5081 1,B is also proposed. When these techniques 

are used, the intensity distributions of the illumination light inside projection optics differ. For this 

reason, even when it is the same, the amounts of aberration generated by lighting conditions or the 

reticle also differ, and prediction of an aberration yield is difficult for lighting energy. Therefore, by the 

approach of expecting the conventional amount of aberration, the trouble that correspondence was 

impossible was in desired exposure actuation. This invention was made in view of such a conventional 

trouble, and enables measurement of the actual amount of aberration, and it aims at offering the 

equipment and the approach of an image formation property which can respond to fluctuation. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0006 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0006] 

[Means for Solving the Problem] The illumination-light study system which irradiates the illumination 
light from the light source (1) by this invention at a mask (R) for solution of the above-mentioned 
trouble (6, 7, 10), The projection optics which carries out image formation of the pattern (PA) of a mask 
on a sensitization substrate (W) (PL), In the projection aligner which has a movable stage (15) in the 
direction of an optical axis (AX) of projection optics, and the direction perpendicular to an optical axis 
while holding a sensitization substrate Are prepared on a stage, and an opening pattern is illuminated 
from a stage side, moving the criteria member (19) and; stage which have a predetermined opening 
pattern in the direction of an optical axis. The light which reached the mask through projection optics 
and was reflected with the mask Projection optics, a light-receiving means to receive light through an 
opening pattern, a stage location measurement means to measure the location of the stage about the 
direction of; optical axis, and an amount operation means of aberration to calculate the amount of 
aberration of projection optics from the signal wave form acquired from; photoelectrical detection means 
were established. Moreover, this invention is characterized by the projection aligner which exposes a 
substrate possessing the following by projecting the pattern of a mask on a substrate through projection 
optics. Projection optics is the 1st and 2nd fixed lens elements (37 50) fixed to the lens-barrel (52). The 
driving means to which it is arranged between the 1st fixed lens (37) and the 2nd fixed lens (50), and has 
the movable moving lens element (44) to the lens-barrel, and the moving lens element is moved (48) A 
detection means to detect the spherical aberration of projection optics (26 20- 28) The control means 
which controls a driving means based on the spherical aberration detected by the detection means, and 
moves a moving lens element (29) Furthermore, this invention is the projection exposure approach 
which exposes a substrate by projecting the pattern of a mask on a substrate through projection optics, 
and the spherical aberration of projection optics is detected and it is characterized by being arranged 
between the 1st [ which was fixed to the lens-barrel of projection optics ], and 2nd fixed lens elements, 
and moving a movable moving lens element to a lens-barrel based on the detected spherical aberration. 
[Procedure amendment 5] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0041 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0041] 

[Effect] Since the amount of aberration can be surveyed as mentioned above according to this invention, 
where aberration is amended, it can expose or exposure actuation according to aberration can be 
performed. Moreover, since the amount of aberration can be surveyed, even when the amount of 
aberration generated [ oblique illuminations / a phase shift reticle, / two or more ] cannot be predicted, 
the exposure according to the aberration to generate is attained. Furthermore, accurate spherical- 
aberration amendment is attained by moving the lens element which surveys spherical aberration and 
affects spherical aberration. 



[Translation done.] 
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[#!£] ffiD/^->l 9 afcXx-v'l 5flJ*68a 
$U WIL' t^D&S^^PLfc^LTW 1 

L' ttje*3t#^PLtHP/^->l 9atSr^-LT 
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1 

[sr#«i] 3aw»6«>iwi3eftvx^cfl(Mrr*jiB 
E8*ft¥# ©ftit£ffl&tf tsit fc^ft tg* 

&lWB«lO/^->&MEXx-i>*l<kOBB9iU WE 
WEft»^«t«rEHP/^->S 

* ©jris* s t «#f zctz® 

[**«2] ttEragramratM^ara*?!! 

i£#»£f 1 E*©8#»fcSB. 
[U*53] MEtatftSdF¥ft©IUfct:&'?v>'r* 

*2:f «M*fl 1 CttoSHMtiHin. 
[St*B4] N£JR»Httm©J&XC£'3l>Ttt 

«tjE*as*rrac:t*w»fr*iwwiE««!)« 

[0 0 0 1] 
[0 0 0 2] 

[«£*©&«] ifi^ #¥#KjilSStg«£ffl&*S3fc 
«*©;:©*©&*£«. K««:#«CE>«mAMIiESn 

XhfflSSlcgftU SIS, *©«#/**->*■* 

©^X K7*-*XffiflS**.6C:tfc«fcDfffon5. 
JMtsWfctt. Xf-J?«3IMftiEr«feJ«*tt«ft»l/T. 
«HI«l*3n&fX hffl»Rft3t*k#l«ifcJK*el» 
L^-3«*©««©^^->*«*L. £*f *. *h 



(2) *fRi¥6-84 7 5 7 

2 

t&%yt*»<D%toft*>(ommz7u-y hf *. Bf£* 

s nx v> *««#«©**&« fc*/Mfc« t ©+ HMD 
x"^©?b-7J;0, &«*i©^xh7*-^xfi:B*s 
©^xh7*-#xffiiiKrrna*±i;-5. mors©? 

x y £ tt^lRl©*** A^->©^X h 7 *-#xfl:g 
©M**»n«iV>. J*CC3VJR^©9 1 xyi'©«&* 
10 ft, *ft©«ttU&*U>**©T-*©lWI©*|fi 

[0 0 0 3] ±E©tte55rt*fcJ:0*<!UI**a&. ft* 

©(*!»© W >XXV* > h ©|IIM«ftPISl/T*ttftC 
#«Ut*l!F*««Tif *. t^W 

*-ctta<. sAXfc *»EE«fc»tf]iip!**!iW3e 
**©«**«:«!*»***«*© w>x*xw* >htz 

20 *iBL#&^««fl:* , b&&f«te' 
H©8fc*£> ©iR2*£±E©# 
STfx y ?f «©»*RTflBT»*. 

[0 0 0 4] -tCT, fl&fcfcD**!*^*-©*^ 
**^©WttfttH|tU 

■**«*#**©*«ro*tt**aT*<. SWXn 

iM^Mmanfcftft©ttJicf?v*. »*f 

S£#».5f|-Jf£fT5. «jt**»flF««Sf--/tU& 

wk «*»ffs-»*jtftitfiM5***^*Hianfc 

fttBMS t T V»*«l»t(flF««ttT fcfc 0 Sr»* 
KlfP£ff5it*«T#*. !:©J:5a:«Jfc5rtttt«l*tf 
1$SBS6 3-2 9 1 4 1 
[0 0 0 5] 

[5EW)45**U<t5tf2>SJS] ±E©*Di*ft#©t£ffi 
tc*5tiTtt, *»&tifciKMfittab<s-cfe : Fa!Hii-efe 

B««***f &»©l«Btl/T, *fe#«©!iW. *S 
V»ttfMI¥4 - 1 8 0 6 1 2^«^H¥4 - 1 8 0 
6 1 3*£«lC»*3nTV*S±5ftttR:£ffl#S©* 
»8BW^)5«ft«SlT, S 6tZ»&n 6 2-5 0 8 1 1^ 

f •5)RS*t)S;S:0, iR^±*©^Sl^ffljiX**. 

so fc?Tm<Dm*z?m?zm'?mm<DK%m 
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(3) 

3 

s^wrs £ t s e w t-r *. 

[0 0 0 6] 

[*iB£*H*-r5fc»©^B:] ±Bsrais^co»*<ofc& 

C*5fiW-Ctt, KM (1) ^e<OJfiW3fcSvX«' (R) 
fclHIrt-SIHWJe** (6, 7, 10) t, YX?©A" 
(PA) £!£}fcS« (W) ±fctSflrt-5«U*#¥ 

* (pl) t, aatfflRtflwrsttfccfflP*** w 
©#« (ax) aMtt^fcara^MNraca: 

Xf-/ (15) fc**T*«a«#8«fc*V»T. X 
tt# (19) i ; XT-S>«mfrflfc»»att&*»& 

hpa*->&xt~ imxvwmu 
foicWT*XT— 5>©tt«*tt«**XT-^ffi«tt« 

^©JKg*£#»SJRMa^^&fc£^tifc. 20 
[0 0 0 7] 

||PA*->S:frUTftWftti»S8l;:Alt;S 
TiRMS£##S. tX hS^»8f. S 

©A*->£-7X?±l::R»-S&Ktf*&V>;fc», SlBR© 35 

[0 0 0 8] 

fl8W3t (IMF) IL£^4t5. f*ffl*itl/t 
tt. *«7>7 r Sf©»*©flS. K r F> ArFI+v'? 
U-1f<f©I/-if?t*, »*WB*I«I«W- 1f*>YA 40 

2 l/T*©* 2 f » K*JfcLfc«. 5 5 
-5Rtf3'J;*-:5'l'>X*6, W >X* 7 KA 

W>X©*f£il«fcBRl««0 8 MR 

wstvt*?). w^^;v©as^^->©^a3ft(^ 

[0 0 0 9] S&> £2«;&fo ©iEflHCttt-^fc 



#Ri¥6-84 7 5 7 
(W*.tf4*^©n-^U-^v?/^) 3*»EBSft 

2 a. 1 2 b2fctf kT^;i'R±©»ffifi#£ffll®T5'iJ 
XW'OV 11. 3>t>-t-W>X*1 3£"£ttf^ 
SUOfcAWU 5 5-1 4fcWD, iCT, 

fcT*fcK»«n&*. u?^;vr©/^->«h«pa 

SSB^-fcHMrCflBfJ-r*. l^^Rttl-T^X 

f-yRS±c««snr*D. vtJ'JI'Xt-^rs 

ft, Wt^Xt— J>RSttK»»5 lKiOW^A' 
R£Z#|6] Ofctt^fa) ^-MBtfinreftD, w 1 *^ 
R PL©Kli***.fcD. V?9)VR*% 

(»Axicfiis*¥aiiw»tT«ft*iit*»r#-5. a* 

->«*PA*aill/fcBBW*I LttHflfTl'-feVhU 
y £ P L It AWL,. aflS3t**PLHt^ 

£ R © SKA*- > ©£*«£ O x AW±fc»J*T 

*tftfitS«fflitB«H8rra±5t9xAXT-s?i 5 
» hflWfcmftott-r»««iian«. (a 1 ia«wio 

*fc±£xAWJ:fclS«UTV»&V>. ) l )lAWtt')l 
A*^^ 1 6 £X3ft*3ft, ZOiXfrif 1 6 fc^L-T 
->iAXt- vl 5±C:##3ft v O>5. i^xAXt- 
5>1 5tta****PL©»AtlfliBfc#L, ttX#M 

icwrarefr^mSFfo (Z*m) fcflBPMrc** 
fcfcfefc, Xts/7- 7>H • 'Jtr-h*^T2^7C^ 
ft (X. Y#ft) KIMfc?riBfcl!*anT*0. fiA 
W±W 1 t3©->3 y Mi*fc«r«I/^;PR©«s9« 

*iWrr*fc, ^©^gyh&iis-rxT-.yfc^s 
n*. 

[0 0 10] Sit, Hlffctttt»3t^*PL©«A«l 

ffi(ciRiftTK>^-;K **W4xu ? h©«s»j«-r 

* ft: »J>©il8«i3frK£)fcl* A X C» L T^J6*|SI ± 0 m 
-r-5B8*t3t¥* 1 7 t, *0ttftffi*©*iAW©*H 

8^e,gg*^A*f^a©^^ (^lAfiBftm® 
RttsnT^s. c©^«i»©«ifK#(c^^Ttt, mx 
\mmme o-i 6 8 1 1 2#^«cm*anT*o. 

•>xASHffl|S«!Blc:»-ra*|B) (Z^ifij) ©&a&& 
HJU ^xAWt«*^*PLt©^j»!RJfi**ia-r 

m&2tmttt,z>£.t\z, ^»s*)t^* 1 8 ©flans 

B6nfc^H*©¥ff¥«^7X (^1/->A!>WA') 
©ft*«5HS*nT, ^^©^^'J^V-^a^ff 

ton*. 

[0 0 11] *lCJRStfeffl*©SiM£fT5. OxAXt 
-5?1 5±KttA*->«l 9iWRW-6*lT*D. A^ 
->tKl 9±lctt0 2(c^-TJ;'5»C)KJIttaiffl©3fS© 
many ~>itimiptvtKZ. cz\nWV?—>W.i 9 
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(4) 

5 

-ss**©ft*i l' «2^iK7ri , n-2o, irx 

$021, iJl/-l/>X2 3a, 23b, 57-24, 

B3tWl*6C!>JIBW36lL*»*tUr i bJ:^U HBgUft 

1 9©A?->iBD|HU;9tfi£ftJfcf;i!£8yfc 
^&PL£;frLT)^?»R©A*->'E5PAl;:«g« 

si 9±tc«g«-r*. 1 9\zm?ityt%\m 
xf-n*->\ 9©inn»£jiiBU n>x>-y— w>x 

2 5. 57-2 4, 'Jk-k>X2 3a, 2 3 b. nj£ 
tSED 2 l&tf2#«77-TA'-2 0£S9. 
^ 2 6 \zm?Z. 2 9 tt*-? 2 7 

■^xAX^-i'l 5&Z*|B)IZ»lftt. tntrai^fc* 
WW* 2 9 ftCDVStttit* 2 8 2 6 S 

©is^s 3 &&&tiim%<D&ftft¥% 1 8a»5o«^t 

5CDZ^[Rl©ffiS(XM-r«.3t«*«^2 6© 29 

3-faw£2 DomettD 8»nrr««- 

* 9 * pJ£# (3 2 1 2 2 ©ftfWbff 

5. ft. JRM8&U1&2 8«TTL (X;l/— >JV>X) # 

stroj&jS&e&ai (&a^&PL©i|g«tfflftiti) ic« 

*»"C**. ±*lffl&2 9«e»fiB5 l ©«»©€, gfi 

iRIIS:#*bT, SI2©«fC^|B)ro/^->©ffl*-& 

[0 0 12] «£«ffl*2 8K£DJM%OTflW*S£ 30 
S«H3«J|HTfOTifcRiprr*. 03 (a) \tlsf-lr 
;VR tr\9->iSL l 9 t^S^fifi^e.^Tnrv^ 

stttt«*nfciip^->i 9©«©3fcs#*£^-r 

BTifcD, 03 (b) ttVX*R£/t*->*l 9«tA' 
X®tS.&m\Z$>ZtZ, TX^RTRWSnS*^^ 

p l &^bTB^ite«snfel8n;^-> 1 9 ©«©# 
*^*S*-r0T7»D, 03 (c) 
9©-0|£;SLTV>S. 03 (c) ICfc^Tl 9 att? 

[0 0 13] 3l*/^->«l 9tV?ir)\'R<Z>W'- 
>WtifiX&1S.GLmztoZ£*> gipsA?->«l 9© 
«©3SK^4, 03 (b) ©Stf&CaCjSf.fcSfc. 

stp;t^->«i 9 £ 

1 9*SV5 1 ^;l/R©A^->St*!a&ffi^eg ; F-fn 
TV>S»£. U^;kR*>6©E#3fc»CJ:DBi8«3fl 
fc*ip;^->Sl 9©«t*. 03 (a) ©»#CbK 



#HW6-8 4 7 5 7 

(a) ©$MfrCb*©#H6«tt. 03 (c) ©£*/1* 
->1 9©Jt^fiS 1 9 attS&D, X*PA 

2 6 \zmti>^MXm'Pt^. 
[0 0 1 4] 04ttft*&ft*7 2 6#5®ttttA*S 
3©ffl;*jfc£8*li:U 9©Z^gS«tt 
tU IP/^->l 9£Z#|6»C&»3tffc«£©3fc 
****?2 6A^©m*lt£*f0T?*-5. A**-> 

« l 9 © Z #fl©{^ij££lfcffi*©£3tft¥* 1 8 

«tfl^2 6©ffl*«S3^St)^tV»i:# (If-ffi© 
it) ©ZffigSZ a\ZU3 L 2)VRt/V?->1&.l 9 <i:# 

fc&*&fcttgl;:»5ti!r£^L. 03 (b) ©*&ic 

^MiTS. 04tp-C#«£&3f| J f 2 6d^©m^ffl^bT 

^?;pr t/t^->« 1 9 ttfaftfctwfr&STfn 

TUSBfcSRU 03 (a) ©fc^lCffl^tS. 
[0 0 15] H±©«fcS»M$'->*l 9)W8f0t¥ 

*sn-5^m#^s 3«M^t^5. &mm*ts3©m 

Cfc!-^©H«fCIH«fc*-eiiOJft»tfe*. *S 

mmzwmvzrztonmiE^mammz^xmw-? 

V>XXV^>hW©JE^?r^ 
5^tlC<kO. ftlftfttt OtMWRS, HViRg, 

fe. !S;^¥* P L ©ft¥g*©-&##»*Jtei:fc-3 
TV^S. fi*3fc¥* P L ©3e#»*ro©JEE* £ 

nJgtTSfllfilGt&oT^S. H5ttHl©8«*«^ 
«(Cgi^-r-50r*O, l/?**R©«b*fclW3fc* 
« P L ©^5*©W»««>:^SlRW©£E* ; £^t 

ii/^>h3 3i*^gwj34ic«fcoei«an, 

^3 5£^LTXRfgB'»3 6±^ttenTV^. £8 

3 6 p l ©aiss 5 2 ic B«snrv> 

Kft^3 Sli^-n^ni 2 0° -TolellEUfefiH 
HS«SnrcJK«l^3 5 a, 3 5b. 3 5c (05T? 
U3 5a, 3 5b©*0*) &«©IBSl*?- 
BK»*?Mfl« 3 8 t <k t) U«g t ft o TV^ 

S. i^, 05TttL'>Xxl/^>h3 3BlO©k>X 
i:LT^UTVi5^, 3if (l£^tt2if) ©k>XP^ 
e.^;5W>Xxl^^>hT»*'b©tL, k^TTxW^ 

>h3 3 *m&t vyxmnmmm? (^0 

[0 0 16] St. S*^*PL©»ffiP 1jS®ICj5 
ViV>XxW^>h4 4liX^fg5«4 5 IC J; 00^2 
tl. 4 6 *1tLTfOMH4 7±KWt&nT 

X«?«BW4 7 tiS*3t¥*P LOttN 5 2 

snxn*. ww^ 4 6tt*n*ni 20' r?m 
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(5) 

7 

LfcttBKEBSft&Kft*^ 6 a. 4 6 b, 46c 
(05T?li4 6a. 4 6b©#07S) ^SftD, &4<D 

KSl^3 5. 4 6<fcLTIi. 

cfcefufs^ro^&stt^ s&^is&T* < t>© 

gft h ? >X**»«fffl!>iE« WR(** £ t if*. 

£K*lif§T©ftB£ ; &x : $'--t?#S©T > KMft&KK 
#l>It&<!:ftS. l<->XXk;<>3 3, AAonmtvy 
Xxi>*>hv>Wik*%.%-1tK>. V>Xxv*>V*% 

b a x icaa n-vuM t & o -r 5 <fc 5 icf? 

V>T«ft|l!¥4-l 34 8 1 3^«t#L<PB*Sn 

[0017] *ntowv\tmw>*?mmm stza-ox 

\zft^l>>XxU*>h3 ■Z*®Wm&tU-3T$>r>. 
!^>XxW^>h3 3»3ViRM, ftg»t8l«0)tMM» 
k >Xx k ;* > h fc )t^T*£ < 

>XXW^>h3 3&3ff«|^tLTV^fcs6, «®ff 
JK^©^il£#^x^^>XxV^>h^lll3^ 

WSS4 8 fcioTttfcWWft*^ 6 51 ifc 

<fcD. ttffiP 1 lCjfiV»l/>Xxl/^>h4 4S»«iUie 
•hftoTiir), k>XxW*>M4«S£®Rg 50 
fiOTHmno W >Xx > h \zit^<r^ < MfPL* 
-fV>*>©£3KRLT»-5. 
[0 0 18] W->Xxk^>h3 7t5 0t«M1Sj52 
CB^SnT*0, AEMSttBS 9«k>Xxi^> 
h3 3 tk>XXU-^>K3 7 t©K©W>X^I*I©$ 
»©JEE:*j£W8U «ffiMSglB4 9ttW>XxU-^> 
M4 iX>XXV*>S5 0 t®lBl<Z)U>XMPWQ 

&©iee# shuts. z.<D&5\zu>xxu*>hm<z> 

SXft^-a-TiR^StiiE-rs E tttftSBBS 6 0-7 8 40 
4 5 4 

[0 0 19] BffiP lffli6«K:H:2tt©>''J>l* 

u*;Pk>X4 0. 4i**KwenT*D, cinc^K 

4 3tJ;Dffl»Wtc|lHE3-ti-itO. U>X<D 
U>H'J*;H/>X4 0, 4 lttSVMClt^Lfc^lRjtC 
DX, Y3SfrtT®H#r*«HIS*tf*. *LTX, YlS 

i» ic jt-s w 3 <fc 5 ic c n e> © i/ >x sffistw 



ft»!¥6-84 7 5 7 

±ww«2 9ttcne.©R»3ii^«» 

g?3 8, 4 8. WI0g54 2.4 3. HffiHS£gg3 9. 

4 9 sfwarrs. 

[0020] *ic«ii£©ir«iR o 8 mpsstim* p l 
^©"T^iKo 3 ot'^wr, nmzwi-fz. mw%<o 

¥f&*mt&&tLT\t-1iSUz, 8*%¥*©llDftN 
Ati«3t»3t-i/>-w £ac-rafi£a<ffl^6ft 

5. H6ft#BBLT«P*ta«C^V>TttWi-*. H 
6IC*HT. &#3t¥£PL©«ffiP 1, fiH£VXim 
*->P AO^-'jXSftffilCBJgPi&D 3 OiWRItS 
nrV^fcA. S^^PLCP^^^Rft^e.©^ 

fiAw (/^->si 9) «cjt»-rs**©s*© 

©IBPfcitts in6i S«fg*S:l/mfr 
St. s inffi =s infii /m©HffiiC$i-5. 
[0 0 2 1] 

[J&l] bh = j I nfln/s I d0i =m 'Sine 
n/s 1 n 0i 

< ft*, a «#Vh£ nSKWt* I L © 
3 1 - U > -> w < ft a Bl&Vh 3 < ft -5 tn 

xyv*mnz&. * 0 *VV^- >©#•#•?* * J: 
©asp i c*m*i«9f#tfagEft;-r$. 

[0 0 2 2] ^©it«. ^©Jc^lcfig^frt^J; 

(CJ:oT»±-r2>iK^*iSft«.^i:S;jtift-r*. 

@fi«8fc«, 071^-T.kaiC. «A«6«S 

©PBPiKD 1 3 2~i 3 7 ««Aftnmr»j»r«. c 

ne,©BBPiKt)©rtT, PJ^MPKEO 1 3 2&tfl 3 3 

«-en-ensft'5itg©a«'©n^©iipa5i 3 2 a& 

Otl3 3a«*U *6»SPiKD13 4lilS*iK©IBP 
SKI 3 4 a£=rrs. «»«^BIWffl©WP8!:0 

135 1 3 ea-en^nHVitcB^rs^iRiicEB 

3ftfcl*f©»/hBlP8Bl 3 5 a. 1 3 5 b&lM 3 6 
a, 13 6b£*TU «Scfi^raffl©HP»0 1 3 7 
B*H* »pO t LT#ffi«lcES5 tlfc 4 <S©«/Jn0HP 
8P1 3 7 a~l 3 7d^WT5. 
[0 0 2 3] W. HieK8©iKt3 1 3 5. 1 3 6, 1 3 
7 Sttffl-rst*lCtt#WP««»6©B8W**©a«*J 
0. 1-0. 3 8*£&*±3fcRJ&r*J:fca»SSl/ 
V». MIC, W^jr^^-XEHMUe (Ify^W tcjt& 
UTiRD 1 3 5-1 3 7©#«lC*^S&MP«P©feg 

fc. 1 3 3- 1 3 7 &fflV>«i*tt^9 1 ?;l'*&tt 
^xA±r©Rg«^-tt**< ft 0 #*©T7 5^ 7-f 
U->X7©#XW^>hS«l!6»<-r* («rBnW^S< 
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(6) 

9 

[0 0 2 4] *rdiSLK> 1 3 5-1 3 7 Offiffl^ftt3t*D 
Xtf*^©"?, 3t7T<n-, £H7UXA*©3fc# 

flUSLTiXtJi^. |sHK«8C0gBPi&D©jliR 

&0 13 5, 1 3 6, 1 3 7 (£© 3^CDffi^WiU 

Vi, *ffi#«L<&^££«fflniK») 1 3 2&ffiK fir i# 

^yVYV^^MZ\mX\muW.r> 1 3 3 

Mt*) 14 1 £&fflL.T>bm>) WPi&D 1 3 

3 6\*Y%\!<l\Z&mzntcfflWW->> PHPiKO 1 3 

7 a 2 ^n^~y\znhx^xh^ 

[0 0 2 5] MPKSD 1 3 5. 1 3 6. 1 3 7WWPIS 

(o%m®.mz~D^x\mm-4 - 1 8 o 6 1 2^*, 

«fffi¥4 - 1 8 0 6 1 3^*^#IB¥4 - 2 2 5 5 1 
4^«lftClH*3nT^^. S8P&9 1 3 7 

BBPi&O 1 3 7lCt3^Tttlo©WP»l 3 7 alCifg 

nfr~istYijfa<D/v?->\z£.z>± i*@#r}t©vvf 

tl^-^t 0*l5l^i:^lg^^*PL©Bf®P 1± 
T*«*»6*IEflta:*J:'5K. MPS&1 3 7 a©ftg 
«©HP86 (1 3 7b~l 3 7d) \Z~O^X 
fc^ro^ff-cftSSSftStJBJi&^roHPlffi (l 3 

7 a ~ 1 3 7 d) \-3ftm*e>mmmti£z&m\z.j&»e> 

[0 0 2 6] u^T, ftft^ttiii^ 2 6*6©flH»«» ^» 

#«pl &ffi®-r-5^© 2 ooftMfl* 
». 7HA-2 0*6 ©BBW*fc <fc P L 
©BffiP 1 fc*ftSJB*»tfft7?'r:Ml'>X7#& 
»fflL&KW*fc±««****PL©«HP 1 

*iB«»#t»i/<-r6«»«t**. *z.x. mztey 

r-f/t-*©^H*2 0 b<DfiftCHCK2 1 £Rtt, 
@£«2 lfcR»e>n&IBP«D*H7t:*-rBBPiKED 

d3 2~i3 7) twuttmmamamtu m 40 

<6S8©HnttDfc-&tottT. 0I£«2 l©S!Pi&9£ 
[0 0 2 7] *fcX«ft*f 2 6 *>&©«***»# 5 

**. ffJ6^^->«B©«MI*A<-r*fc»JBiPi3tM 
©NA£>JnS< Lfc*-& (gR^>3t-P->hfl8WtL.fc 
, «****© >>X©«t"A«K:3E«a»«»&J:* 
(ft* 5) HtlcfcS. '?X?/W->at»*»&tt@ 



#ffi¥6-847 5 7 

JO 

[0 0 2 8] ft»jt***««K-r*w>Xfc? 
<tor*©»K*a*iW£bfc«a. au**»»c*ftjH 
jt-rs t k>x*aa-r53ts('«£oT^i»* , tec:s. 
W>X««38ll»bfc«^. m&ttwz, ^«n^m 
ft*t*no-r* (fcfc*u ^^tcisii*^©*^*)* 

*) . 56*fcJ;DiE©/t7- (B*r*) *«f^ 

fl k >X*Ctt U >X+*»©*» i»tf«f* ^ >X© 
»*K±D. V>X«fA»©^7-jOHHja«fctt^T* 
HSCCWtt^&SU 08 (a) ttJ*BiRg 
*sav»tt»S^U 0 8 (b) «J*aiRg£«S«ffluEL 

08 (a) roi 5 izwMimxm^mmm-itix^ 

3t©j»St&i::[i08 (b) ©#HSn?ST<i:5l;: 
U>X3 2ffl«p*S©/*7-*m*:U 3*BfJR^SMfc* 

[0 0 2 9] H9B3tft»ffl»2 6*5©B*«^S3 

1 9 ©Z35fiaj©ttft-*jST. 09 
(a) tt*BiRS**!4^»&©lil*©#S3S*b. 0 

9 (b) Mamra>m£i/Ti>ft«fr0iitijff*s 3 

*ttfcffl£frofc8£. 09 (b) fcjft-r»C3t«*K9C 

®-?x&ifi-z>tziBmfine>tizz.tizii&. mmumo 

09 (a) fcjRSnfcflUMWC^fMittWi T?*0. 
^ttftWi ©*i£fitr-i'fttf©Z|fcftZa tt-^bT 

fc*. fa**, 09 (a) ©«***«*:-*»£« 

[0 0 3 0] cnt^LT, 09 (b) TttSBlR^jB 
WKIfc.fcOftMfaHttft (09 (b) TttZi ) & 
ai«P t bT*©ll«"C©36*®i3t*fc-toT*»»a 
frgifcS. fi£oT0 9 (b) fcjftbfcftfcte^Jfcft© 
&4fttZi KHLT#*H*ittS. U-ti)Wmmzi:t) 
l/>X««#*»fc*»atf»*IB*r»*»'6, 7*-* 

>Xfc£$n*i6*, £#£LT£il'>Xfc©-e.&U:©iK 
W*%tt«l'STttS5. ^©S5. («*JMIE 
3«M*SMK:aoT«^©*«Bw4 tt¥fi*i 
Wi tits<X*.Z<teZ<DX. ffilw! SSISbT^ 

ttm#8E#©£tt©#hA«It te#«»©tf-i'ft 
P. ft^T*«©#hA«Ii i©W*Ml 2 ^ffl^ 
-T*J:ticJ:oTfe*BJRS©SI)t*»WieT**. * 
fc. 3RhAfiii3)?b Affile . ii «tt^A<*Rfc)«» 
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11 

*fctt# H A«©g£$MX£©?i^M©IS«i:«^© 

1 9 a£fflV^T«lfrt©b:>H4jB*«IS-r5Ct(Ci; 
[0 0 3 1] «±0^-XTtilSKl^>XlC«l^C}t 

r>mmz£r>$-mm mimm z\<o^ 
1 9 ®/i^-> 1 9 a zm-uftizm 

[0 0 3 2] Sfc. «±<DWT«^lB«i^ tnfiffffl. 

rna<fcK ly^i-as i oic*-r«t5i'HP/^- 

>1 9 a*S^#^PL©)tlftAX£«f'C.>iL.T4)t» 

^ro;^-> (s#) t*tx\zmw.Urt?-> (M«) a? 
i ofc^f/^->fr£®en-5^)fe^£*LT;fe 

0, ::-CH01 1 (a) ttifcjt#r6|©/^-> (S 
SO frS#£tt*M^£;*l/r*it), 011 (b) \m 

%ijfa\zmfetiijfa<»n9-> (Mft) *6#sn«fi 

^£5SLTV>5. HI l*Ctt3VJRS©&»K«[»^(ft 

)KM*m* 2 8 c<t d cne>© 2 o<dm^»#m«;^ 40 

*Jfc«LT:iv«iMStWrr*. ##fttt©4fcfB»a 
9 *«oTR9!l,&#»l!ae©^ffl^fcH«C2p* 
tgW£&^T, 2 -3©M^O¥«*iWi i:W 2 iJfcttL 
&9, t-^fiS«^2^©^hAffl*Jt«T^lC 

r©P^ttA*^5 3tJ;i3±W«l*2 9(CA*3 
n. ±fM«£2 9rt®**'j|;:12te3ttT^Sfc©i:-r 
•5. 

[0 0 3 3] ffi. *B«g^3TJKg*W«r5B, /1 50 



#Ri¥6-84 7 5 7 
*->l 9 a©jW;t>fc2*|RlT©IHattHlC*f7 

«fc*»t-&«B«H, 3TiR3t*©«*3fc¥*PL©l6 
«#tt<0ttffl)^t'OV^TM^5. S*l»«l 9-hCOBB 
□ l 9 a ©«f 4>*»!9*)fe¥»©3fe(*AX±lZ*-5 i 5 K 
^xAXx-^1 5 ^-^2 7T«Hd-T5. ^©t€f 
N^l'*-^ 2 7 Ml/T^xAXf-y 1 5 £8* 
***PL©Rtt±©»JMIljflltt« (g&*e«tffl> ts. 

» ©*fflf8flETtf-&a\ t>i/<B±»f5*»T5. 

«. (±DOF) <D2fem& (2 - DO 

F) TtfSfl\ fcKtt±tf*a»l/C'bJ:K *&, N 

mm w->m siwif*. i^/wfr&fiitL 

1/>X2 5, 5 7-24, P->X2 3. Jt7r-f A*2 0 
£^l/T^**IHII2 6(CA#t1"5. *©$C:©tt$T 

fc^ffi^n4«^i4s©2ffifgs^s-rso z.ot* 
iRM*maB2 8tt> 3t«ttms§2 6©m*t^Ji^©« 

itJt^Rl 8©m*£|Hl^ iAlWiAXf-xl 
5 ©#&£»* («Atf0. 02)im) CTt fctf>7*>J 

*LT> i(KE©»<7fc«^«i^2 6^^©M-tiS^tC 

[0 0 3 4] *C*SOI#!fc±*!!»3e*»PL©«« 

C«iB«ll©1iiE] »®«K^©ffiiE^}*iC^ViTiawr 
■5. ^fflJR^©MiEtt!9*)t^ P L ©8 P 2 ttifi© 1/ 
>Xxlx-^>h44. 5 0 (05) <OW>XfflBI£&;t 

k>Xxk^>h4 4» 
5 0K»^>X£rt®^rojEA£fffiM»gB4 9tC 
± 0 ^ X * C 1 1C i t) JKMMiE Srff 5 <t 5 C UT fc <fc 

[3V1RH. #jS«ft©ffl|iE] 3ViRM^#ffii«ftWffi 

mum p2j)> 6»nfe u >x©wig*« c t \z ± d 
ff5. *«t«sn?au>xxi/^>h3 3^#», «m 

■T5^ 1 »:IC«fc0iRS«ijE^ff'5. Sfc. 3-7JRS©ljtjE 
ttW->Xxl/^> h 3 3 b 3 7 i(Om©V>X^rt©^ 
^,C0E* S^tlEWSSIB 3 9 lC«fc Off 5 J: 5 tr UTt>«fc 

C#jiS[«S©tliE) *jStiR3S©*tiEttW>XrtCKH-6 
nfc2ft<Z)i/'J>H'J*JH/>X4 0, 4 l^ffiMWt' 
BK***Ctfc±Dff5. 2*03/«J>HU* 

[0 0 3 5] EU, &>*©iRg»iEtt«l©JRllI*f^ 
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I 



(8) 

13 

^&V^>;0:b*>h£jl#bTfTfc>nTV>ft. £ 

***v»tt***»refMBsnT^*«^. si©£ 

J£* (jlltft^l 7) *&«K<Z>tt£*JIMtlire& 

[0 0 3 6] Sfc, k>XXW*>M3. 4 4©K» 
iCkD. «B*»±T»brb*dBll6ttfc#A6n* 
**. dfl3*ft*fciSi;T^ffc*®«IIBt**l 8*6© 

Tft. 

[0 0 3 7] XHM72 6*»6©«^©*«*wi 
#*ftg£gLtfc;*:#<fcfti. «6*tt«**iHt;Tft© 

»-& It ttff «f SrTft J: 3 fcTft C i 6 tl 
ft. ^©i:5tca^^PL©!i8^©0UR(CiD 
JKg&tt#»(fcb-0><„ £©fc*. 
«<> x A5S«l^fc)RSSl)£^air J; 0 iR^S^x y ^ 

fF^fiir^bTS^T^ft^S^ro^Sff^. fc^ft 
^©t^gUSftg©^ U^Wxa >S3«flcfr3 

8 tt±WW* 2 9 fc*ftfc5S3iU ±IWW& 2 9 Bgft 
i&ftsfc+iLTft. C©««8TSJ«« (WAS 3 0 s e c Jtf 

fC. iRMMffl* 2 8 liB^OK©#^«:±ffl»^ 2 9 \Z 
±B©flfg«tt»fc&fT5W3 1 ?M$'->ffliMB, 

^->a^-rsa^T<ftfe®, afrft^ftAAfNas 

3 C J: D £Mfl* 2 9 fcA* U HfgfcfrSWSfcTft 

ctfc#A^nft. x. ra©fHipiiitti5.Tbt>-je 

MIBfcK|g£2mft *>©-?«&<, JB98fcl L©RSjtB 40 
ftttMMiKJK U WW»|B!#*K*ftfcb&*^> 

TH-sjKRi£fi<-rft. /t^->i 9*£&mB 

[0 0 3 8] *tt, JRS*ai*KJ:0**ftifjfitttt© 
* Y 'J 7l/-*B >©*liE*ff 5*ttC^«f»TKWftff 

3. frls©«icSsp/^->ffii 9 Sfflv>Tft&te1Mt 
)B]i£ff5J:t^T#ft„ a#/1^->Sl 9 
tt*»C«3tfft»BtHftS-B:T^ft#«, S&ftTft/'? 
?->«*/jN&*T&Tbfc-&bTV>fti«ES& 



#IB¥6-847 5 7 

«*j«jiitt«imo»*«»-*bav»tv»3Bw*«* 

ft. r^T, ****i:«fflJR«©**»t>*>tltf*iE*i 
BJHTabft. SMItcWbTtt. K»*>6 
AATft^fc. *ftV>ttl/?*;WX-:J- F*"C»S£ 
*. «#WftAi6a*#*.&nft. *H«£i*£tt«T 
n»ICMbTtt^»»l5£, »5V>liJ'aSl/-J'3 >fc 
«ki3lll***iii)T*#, 7— ?;i/SftV>tt*3S©»Trffi 
*LT*t*«±V>. fcftVstt. SffllRJMtffcjftlftfH'v 
Rfrr**^#«&T?£ftff£«£«BtfT:}3#, 

#A£>tlft. 

[0 0 3 9] C©i5tC, !9:S^£ PL ©«££#« 

ft©?. *f»jfcTX**m>T/^-->**3fcTftS?© 

««J*3*«. ^©*88b&iR3ICS^-C, wms& 
©K3K»ff©«t»it. «J6«fcAft«K^lftffl*©RJHi 
IE. »ft^«JRS©'jr;^'f A©HiE*Sff5it*« 
T^ft. 

[0 0 4 0] Wififfl*««TttH5TKMbfcJ:'5Kl' 
>Xxl/^>MB«)fflSB6©E***A*«ll8 9, 4 
9 tP>Xlb/>h©MRIS^K.ftfll«3 8, 4 8, 
4 2. 4 3t*#Tft^<i:tbfcjO?. £T©JRg*iIE« 
Ji*«*.ft&»ttfcK «"JAtfE*S*Aft«*3 9, 
4 9^b>Xxb*>bffl|SJBi££;L5BMfl3 8, 4 
8. 4 2. 4 3 0V»Th*-*ft«T*«fc3fcbTt>J: 
vs. «f«©)R^fliIE{c^bTtt'n6©-8f©* 

[0 04 1] 

[»*] fil±©±3fc*36W»CJ:ntt, K^S^^SIT 
Sftfc*. «!ISllIEbfc*arttBfcL&D. HXMlCfS 

T€ftfc». ttffi->7M/^A^»Wfc«*HBW*©5l 
^TftJRJtfi^aT^avsJg^Tfc. %4TftiR^(c 

[Bis©ffim?iieM] 

[si] i~<tft ®%n%mnv>'m & 

^T@-e*ft. 

[02] ai©g«i'<tfts*p;i3'->«tciettsn^ 

IHP>'1^-><S:*-r0r3bft. 
[03] H2©«a/^->*«oTil^tt«*t**ft 

na-£»K^Tft0-r2bft. 

[04] 2 e^SfiDttAe^tnp^- 

>© z eg t ©gi«**T0-e* ft . 

[05] 01 ffl«*©««*iE#«*«#Wfc*TH v e 

»ft. 
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(9) 



#8B¥6-8 4 7 5 7 



15 

[07] JBW*#*I©fc»©||a«Dft*'rH"C* 
[08] J*ffliRg©5S4#tB&I&HJ!T*0T<fc3,, 

[09] (a) um*u^*m(D%n.mgm=?2&frt> 

(b) *MK&P*«ra©%raUt?2 6»&©ft 

[gio] 3v«**«-ai-r*©tttffl-r*MP/^ 

[011] (a) S«T3TJR»*t*«««©3t«*lj| 

^2 6^e»©<t^^&*-r0t?**. 



10 



16 



8. 2 l-@|g« 
1 

1 7-IMt*¥* 
1 8-®fc*** 
1 9-/^->« 

1 9 a-IP/^-> 

2 0-367 W A- 
2 6-ftS££*? 
2 8-iRgt*ffl& 

2 9-SWW^ 

W-7xA 



[01] 



[02] 





Z 7(5 

Ke — >x 




[03] 



[04] 



[06] 



! ! I ! i 



lb) 



(c)& 



x53 





3-W 
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(11) 



#B8¥6-8 47 5 7 



Ml 1] 




J3 



7:V 



(51)lDt.Cl. 5 

G 1 1 B 5/31 



M 8947-5D 



F I 
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